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The enzyme 3β-hydroxysteroid dehydrogenase/isomerase (3β-HSD) is essential for the 
biosynthesis of all active steroid hormones, such as those secreted from the adrenal gland, 
testis, ovary, skin, and placenta. The 3β-HSD enzymes exist in multiple isoforms in humans 
and rodents with different tissue specificity. The mouse has two isoforms in the adrenal: one 
(Hsd3b1) is ubiquitous in the cortex, but the other (Hsd3b6) is specific to the zona glomerulosa 
(ZG), where aldosterone is produced [1]. Both genes are evolutionally conserved in humans, 
with the genes named HSD3B1 and HSD3B2 being a candidate counterpart of the mouse 
Hsd3b6 and Hsd3b1, respectively. As such, HSD3B1 corresponds to the ZG-specific 3β-HSD 
isozyme in human adrenal gland [2]. Angiotensin II (AngII) and potassium (K+) are the major 
physiological regulators of aldosterone synthesis. AngII stimulates expression of HSD3B1 via 
the orphan nuclear receptors NGFIB and NURR1 in human adrenocortical H295R cells [3]. 
However, it remains unknown whether K+ stimulation similarly activates this NGFIB/NURR1 
pathway. Here I examined K+ sensitivity of HSD3B1 in H295R cells (chapter 1). Furthermore, 
I extended my research to understanding the roles of this enzyme in other tissues. I found that 
Hsd3b6 is expressed in the meibomian glands of mouse eyelid. I explored the physiological 
function and regulatory mechanisms of this enzyme in the meibomian glands (chapter 2).   
 
Chapter 1: Stimulus-selective induction of the orphan nuclear receptor NGFIB underlies 
different influences of angiotensin II and potassium on the human adrenal gland zona 
glomerulosa-specific 3β-HSD isoform gene expression in adrenocortical H295R cells 
 
I show that K+ stimulation lacks the ability to induce HSD3B1 expression in human 
adrenocortical H295R cells. Both AngII and K+ were able to enhance transcription of the 
aldosterone synthase gene (CYP11B2). Promoter analysis revealed that although both AngII 
and K+ activate transcription from the Ca2+/cAMP response element (CRE) located in the 
CYP11B2 promoter, the orphan nuclear receptor NGFIB-responsive element (NBRE) located in 
the HSD3B1 promoter fails to respond to K+, being only able to enhance transcription after 
AngII treatment. I found that induction of de novo protein synthesis of NGFIB occurs only 
after AngII treatment. This sharply contrasts with the phosphorylation that occurs in response 
to both AngII and K+ on the CREB/ATF family transcription factor ATF2. Chromatin 
immunoprecipitation assay confirmed that the NGFIB protein occupies the HSD3B1 promoter 
only after AngII, while ATF2 binds to the CYP11B2 promoter in response to both AngII and 
K+. These data provide evidence that signals from AngII and K+ can be uncoupled in the 











Chapter 2: Circadian clock-regulated 3β-HSD activity in the meibomian glands 
 
It is well known that malfunction of the circadian clock is linked to the pathogenesis of a wide 
variety of diseases. Meibomian glands are holocrine glands embedded in the eyelid and secrete 
lipid onto the ocular surface tear film. However, the molecular mechanisms by which circadian 
clock contributes to the meibomian gland function are poorly understood. By performing 
immunohistochemistry using Hsd3b6 subtype-specific antibody, I found Hsd3b6 is specifically 
expressed in acinar epithelial cells of the meibomian gland. Notably, consistent with the 
expression of this enzyme, I found that the meibomian glands exhibit intra-tissue 3β-HSD 
enzymatic activity, suggesting that Hsd3b6 contributes to the local steroid production within 
the meibomian glands. Moreover, I provide evidence that 3β-HSD enzymatic activity oscillates 
in a circadian fashion in the meibomian gland. These findings suggest that malfunction of 
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